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1
DRYING APPARATUS

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a drying apparatus, and
more particularly to a drying apparatus for drying a work-
piece such as a printed board subjected to cleaning process-
ng.

(2) Description of Related Art

In a process of manufacturing a workpiece such as a
printed circuit board, a foreign matter or the like adhered in
a pretreatment process such as desmear processing 1s
removed by cleaning processing such as water washing
process, and then drying processing i1s applied to the work-
piece. If liquid adhering to a surface of the workpiece 1s not
sufliciently removed, the liqmd remaining may cause a
defect. While extending drying time enables the liquid to be
suiliciently removed and dried, from a viewpoint of improv-
ing production etliciency, the drying processing 1s required
to be etliciently performed in a time as short as possible.

For example, JP-A-6-006014 (Patent Document 1) dis-
closes a drying apparatus that performs drying processing
while horizontally moving a printed circuit board in a state
of vertically suspending the printed circuit. This configura-
tion enables the drying processing to be efliciently per-
formed as compared with when the printed circuit board 1s
horizontally conveyed in a state of being horizontally held.

SUMMARY OP THE INVENTION

Even when drying processing 1s applied to a workpiece
such as a printed circuit board while the workpiece 1s
horizontally moved 1n a state of being vertically suspended
as described 1n Patent Document 1, the temperature of the
workpiece decreases with distance from heating means (heat
source) used for the drying processing to cause in-plane
temperature difference and uneven drying.

The present invention 1s made in light of the above-
mentioned circumstances, and an object thereot 1s to provide
a drying apparatus capable of reducing drying failure such as
uneven drying of a workpiece.

A drying apparatus of the present invention, capable of
solving the above-mentioned problems, includes a drying
tank for performing drying processing ol a workpiece, a
fixture for the workpiece, heating means opposed to a front
surface of the workpiece, and heating means opposed to a
back surface of the workpiece, wherein each heating means
1s inclined from a horizontal line 1n its longitudinal direction.

There 1s a preferable embodiment 1n which gas injection
means opposed to the front surface of the workpiece and gas
injection means opposed to the back surface of the work-
piece are provided, wherein a nozzle hole of each gas
injection means 1s inclined obliquely downward.

In addition, the drying tank may include a conveying
mechanism of the fixture, an exhaust port provided 1n a
bottom surface thereof, a gas straightening plate that 1s
provided above the exhaust port to allow gas injected
through the nozzle hole to strike on the gas straightening
plate, and a surface that faces the workpiece may have a
curved shape being convex upward, all of which are pret-
crable embodiments.

It 1s also preferable that the gas injection means has a
lifting mechanism.

10

15

20

25

30

35

40

45

50

55

60

65

2

The drying apparatus of the present mvention further
includes a front tank provided on an inlet side of the drying
tank, and a rear tank provided on an outlet side of the drying
tank, wherein the front tank and the rear tank each have gas
injection means opposed to the front surface of the work-
piece and gas 1njection means opposed to the back surface
of the workpiece, and the gas injection means 1s provided at
least at one of a position facing an upper portion of the
workpiece and a position facing a lower portion thereof.

It 1s also preferable that the drying apparatus of the
present mvention further includes a reserve heating tank
provided on an 1inlet side of the front tank, and that the
reserve heating tank has heated liquid 1njection means.

According to the drying apparatus of the present inven-
tion, the heating means 1s provided in the drying tank so as
to incline from the horizontal line 1n 1ts longitudinal direc-
tion, so that uneven drying of the workpiece 1n the vertical
direction can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a drying apparatus according to
an embodiment of the present invention as viewed from
above;

FIG. 2 15 a side view of the drying apparatus of FIG. 1 as
viewed from the direction of an arrow Z:

FIG. 3 1s a sectional view of a drying tank of FIG. 2 as
viewed from the direction of an arrow C;

FIG. 4 1s a sectional view of a front tank of FIG. 2 as
viewed from the direction of an arrow D:;

FIG. 5 1s a sectional view of a rear tank of FIG. 2 as
viewed from the direction of an arrow E;

FIG. 6 1s a sectional view of a reserve heating tank of FIG.
2 as viewed from the direction of an arrow F;

FIG. 7A 1s a side view of gas injection means illustrated
in FIG. 1 as viewed from a workpiece side;

FIG. 7B 1s a sectional view of the gas injection means as
viewed from the direction of an arrow G;

FIG. 8 1s an enlarged view of the vicinity of an exhaust
port of the drying tank of FIG. 3, and 1s a sectional view
illustrating another embodiment of a gas straightening plate;

FIG. 9A 1s a side view of upper gas injection means
illustrated 1 FIG. 1 as viewed from the workpiece side;

FIG. 9B 1s a sectional view of the upper gas injection
means, and 1s a view as viewed from the direction of an

arrow H;
FIG. 10A 1s a side view of heated liquid 1injection means
illustrated 1n FIG. 1 as viewed from the workpiece side; and
FIG. 10B 1s a sectional view of the heated liquid imjection
means, as viewed from the direction of an arrow 1.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

The best mode for practicing the present invention will be
described in detail below with reference to the drawings, but
the present invention 1s not limited to the following embodi-
ments.

With reference to the drawings, a structure of a drying
apparatus 1 of the present invention will be described. FIG.
1 1s a plan view of a drying apparatus according to an
embodiment of the present invention as viewed from above.
FIG. 2 1s a side view of the drying apparatus of FIG. 1 as
viewed from the direction of an arrow Z. FIG. 3 1s a sectional
view of a drying tank of FIG. 2 as viewed from the direction
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of an arrow C. In FIG. 1, a fixture and a conveying
mechanism are eliminated. In FIG. 2, the conveying mecha-
nism 1s eliminated.

As 1llustrated 1n FIG. 1, the drying apparatus 1 includes a
reserve heating tank 12, a front tank 10, a drying tank 3, and
a rear tank 11 in order along a conveying direction 7 of a
workpiece 2, and required processing i1s applied to the
workpiece 2, passing through each tank in this order. As
illustrated 1n FIG. 3, each tank 1s provided with a cutout 19
that forms a passage for a fixture 4.

The drying apparatus 1 includes the fixture 4 that holds
and conveys the workpiece 2, and a conveying mechanism
for conveying the fixture 4 into each tank. The workpiece 2
1s held by the fixture 4 such that a front surface and back
surface of the workpiece 2 face a side surface of the drying
apparatus 1, 1.e., a surface orthogonal to the conveying
direction 7 of the workpiece 2.

The fixture 4 holds an upper portion (one side) of the
workpiece 2 with a holding part 22 such as a clamp. As
illustrated 1n FIG. 3, the fixture 4 1s held by the fixture
connecting part 24 through the cutout 19 in midair 1n the
drying tank. For the fixture 4, any known fixture can be used
as long as 1t can hold the workpiece 2, and for example, a
plurality of sides of the workpiece 2 may be held by a hanger
used for conveying a printed circuit board or the like, or by
a fixture 1n the shape of a frame. The workpiece may be a
plate-like workpiece, such as various resin substrates, glass
substrates, metal substrates, and ceramic substrates, for
example. The workpiece may have low flexibility like a ngid
substrate, or may have high flexibility like a flexible sub-
strate. When the workpiece 1s 1n the shape of a plate,
thickness of the order of several millimeters to submicron
sizes 1s available.

The conveying mechanism illustrated in FIG. 3 includes
a guide rail 5, the fixture connecting part 24, and a convey-
ing roller 25. In the conveying mechanism, the conveying
roller 25 for moving on the guide rail 5 1s attached to a
bottom portion of the fixture connecting part 24, and 1s
driven by driving means such as a motor (not illustrated).
The guide rail § 1s fixed to an upper portion of the drying
apparatus. Various kinds of well-known fixture conveying
means can be used for the conveying mechanism.

A partition member for dividing each tank may be pro-
vided between each tank, or may not be provided. From a
viewpoint of efliciently drying the workpiece 2, 1t 1s desir-
able to provide no partition member to reduce drying time by
climinating time loss due to opening and closing of the

partition member.

Inside the drying tank 3 illustrated in FIG. 3, there are
provided heating means 6 opposed to a front surface of the
workpiece 2 being conveyed, and heating means 6 opposed
to a back surface of the workpiece 2 6, to apply drying
processing to the workpiece 2. In the present invention, the
same processing 1s applied to the front surface and back
surface of the workpiece 2, so that the front surface and the
back surface may be either surface.

As 1llustrated 1n FIG. 2, the heating means 6 provided so
as to face one surface of the workpiece 2 1s provided so as
to incline from the horizontal line 1n 1ts longitudinal direc-
tion. Accordingly, a height position of the heating means 6,
more specifically of the workpiece 2 facing the heat source,
changes with movement of the workpiece 2, so that in-plane
temperature distribution difference of the workpiece 2
decreases. As a result, uneven drying can be reduced. When
the heating means 6 1s preferably inclined such that 1ts front
side 1n the conveying direction 7 of the workpiece 2 1s on an
upper side of the horizontal line, the workpiece 2 can be
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4

ciiciently dried while droplets of liquid are removed 1n
order from an upper side of the workpiece 2.

The heating means 6 1s a conductive member that can be
used for heating by a radiant heat method, such as carbon or
ceramic. While a shape of the heating means 6 1s not
particularly limited, the heating means 6 may be 1n a rod-like
clongated shape to be able to efliciently heat the workpiece
2 being conveyed. When a rod-shaped conductive member
1s used, the rod-shaped conductive member 1s provided at 1ts
both ends with respective electrodes, and then 1s energized
to be heated to generate far infrared rays.

In the illustrated example, the number of the installed
heating means 6 1s two per side, but 1s not limited thereto,
and thus may be appropnately determined according to the
s1ze ol a workpiece to enable the workpiece to be sufliciently
dried. The number of heating means 6 on each of the front
and back surfaces of the workpiece 2 may be identical or
different. The shape of the heating means 6 1s not particu-
larly limited as long as the heating means 6 has an elongated
shape and 1s sutliciently long to dry the workpiece 2. In FIG.
2, the heating means 6 extends from an inlet side of the
drying tank 3 to an outlet side thereof, but may be divided
into a plurality of parts.

As 1llustrated in FI1G. 3, inside the drying tank 3, there are
provided gas injection means 14 opposed to the front surface
of the workpiece 2 being conveyed, and gas injection means
14 opposed to the back surface thereof. The gas injection
means 14 1s attached to a portion below the heating means
6.

FIG. 7A 1s a side view of the gas injection means 14
illustrated 1n FIG. 1 as viewed from a workpiece 2 side. FIG.
7B 1s a sectional view of the gas injection means 14 as
viewed from the direction of an arrow G. The gas injection
means 14 1s formed of a pipe that 1s a tubal member having
a space thereinside, and has a plurality of nozzle holes 15
that faces obliquely downward and that 1s disposed at
predetermined intervals. The obliquely downward direction
1s toward the workpiece 2. The gas injection means 14 has
a longitudinal direction 1n the conveying direction 7, and the
gas njection means 14 extends from the ilet side of the
drying tank 3 to the outlet side thereot as illustrated 1n FIG.
2, but may be divided into a plurality of parts.

The nozzle hole 1s provided in the gas injection means 14
such that an installation angle 31 1s formed obliquely
downward (along a line 32 passing through the center of the
nozzle hole) from a horizontal line 30 passing through the
center point of a cross section of the gas mjection means 14.
(Gas 1s 1njected through the nozzle holes 13 to the workpiece
2 1n an obliquely downward direction from the horizontal
line, so that an air current strikes on a lower portion of the
workpiece 2. As aresult, 1t 1s possible to reduce sway motion
of the workpiece 2, caused by heat convection generated by
heating by the heating means 6, as well as to remove droplets
of liguid adhering to a lower end portion of the workpiece
2.

In FIG. 7B, a cross section of the gas injection means 14
1s circular, but another shape such as square may be adopted,
and the nozzle hole 15 may be formed 1n a shape other than
a circle. In FIG. 7A, the plurality of nozzle holes 15 1s
provided 1n a tubal member, but slit-shaped cutouts may be
provided 1n the tubal member 1n its longitudinal direction to
form gas discharge ports. Alternatively, a plurality of air
nozzles each having a nozzle hole, to each of which gas 1s
independently supplied, may be disposed on a plate-like
member serving as a base.

The gas 1njection means 14 includes a lifting mechanism.
The lifting mechanism moves up and down the gas 1njection
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means 14 to enable an injection position of gas to be
adjusted. As 1llustrated 1n FIG. 7A, the lifting mechanisms
cach provided at both ends of the gas mnjection means 14 1n
its longitudinal direction include a lifting support part 26, a
lifting rail 27, and a lifting roller (not illustrated) provided
in the lifting support part 26. The lifting roller for moving
along the lifting rail 27 1s attached inside the lifting support
part 26, and may be driven by a motor (not i1llustrated) or the
like. The lifting support part 26 1s moved along the lifting
rail 27 when being moved up and down, so that smooth
lifting and lowering can be achieved, and thus the gas
injection means 14 can be accurately moved to a predeter-
mined position in a short time while being maintained 1n a
horizontal state. It does not matter whether the lifting rail 27
1s brought into contact with an mner wall of the drying tank
3. The lifting rail 27 may be attached to the inner wall of the
drying tank 3, or the lifting rail 27 may be attached to a
support strut with both ends each of which 1s connected to
the corresponding one of a ceiling surface and bottom
surface of the drying tank 3.

The bottom surface of the drying tank 3 is provided with
the cutout 19 serving as an exhaust port 13. Gas mjected
from the gas injection means 14 1s discharged to the outside
of the drying tank 3 through the exhaust port 13. The exhaust
port 13 1s provided so as to be positioned directly under the
workpiece 2. This reduces sway motion of the workpiece 2
caused by an air current discharged through the exhaust port
13. The exhaust port 13 has a longitudinal direction 1dentical
to the conveying direction 7, and has a length that 1s
approximately 1dentical to that of the gas injection means 14.
When the exhaust port 13 has a length less than that of the
gas 1njection means 14 1n 1ts longitudinal direction, sway
motion of the workpiece 2 may be caused by an air current,
and thus it 1s preferable that the exhaust port 13 1s formed to
have a length more than that of the gas injection means 14.

Above the exhaust port 13, a gas straightening plate 18 1s
provided. Specifically, as 1illustrated 1n FIG. 3, gas straight-
ening plates 18 on which gas injected from the gas 1injection
means 14 provided on the front surface and back surface of
the workpiece 2 strikes are provided on the bottom surface
above the exhaust port 13 so as to face each other across the
exhaust port 13. Each of the gas straightening plates 18 1s
provided so as to have a longitudinal direction 1dentical to
that of the exhaust port 13, as well as a length 1dentical to
that of the exhaust port 13. The gas straightening plate 18 1s
provided to incline 1n a direction away from the workpiece
2, and an angle formed by the bottom surface and the gas
straightening plate 1s preferably between 30° and 80° when
the angle 1n the horizontal state 1s 0°. A flow of gas mjected
from the gas 1injection means 14 1s controlled by each of the
gas straightening plates 18. As a result, 1t 1s possible to
prevent sway motion of the workpiece 2 caused by distur-
bance of an air current. A shape of the gas straightening plate
18 may be a plate-like shape as illustrated in FIG. 3, or a
shape 1n which a surface facing a workpiece 1s curved to be
convex upward as 1llustrated 1n FIG. 8, for example. When
the gas straighteming plate 18 has a curved shape, gas
straightening eflect 1s further enhanced.

Next, the front tank 10 provided on the inlet side of the
drying tank 3 and the rear tank 11 provided on the outlet side
of the drying tank 3 will be described.

FIG. 4 1s a sectional view of the front tank 10 of FIG. 2
as viewed from the direction of an arrow D. FIG. 5 15 a
sectional view of the rear tank 11 of FIG. 2 as viewed from
the direction of an arrow E. In the front tank 10, liquid
adhering to the workpiece 2 1s removed as pretreatment of
the drying tank 3. In the rear tank 11, the liquid remaiming,

10

15

20

25

30

35

40

45

50

55

60

65

6

on the workpiece 2 1s removed as post-treatment of the
drying tank 3. Inside the front tank 10 and the rear tank 11,
there are provided gas 1njection means opposed to the front
surface of the workpiece 2, and gas injection means opposed
to the back surface of the workpiece 2, to remove liquid. In
the front tank 10, the gas injection means 1s provided at a
position (upper gas injection means 16) opposed to an upper
portion (upper halfl) of the workpiece 2. In the rear tank 11,
the gas 1njection means 1s provided at a position (lower gas
injection means 17) opposed to a lower portion (lower half)
of the workpiece 2, and the upper gas 1injection means 16 1s
turther provided. Both the front tank 10 and the rear tank 11
can be provided 1n any one of or both of the upper gas
injection means 16 and the lower gas injection means 17.

FIG. 9A 15 a side view of the upper gas injection means
16 illustrated in FI1G. 1 as viewed from the workpiece 2 side.
FIG. 9B 1s a sectional view of the upper gas injection means
16 as viewed from the direction of an arrow H. The upper
gas 1njection means 16 1s formed of a pipe that 1s a tubal
member having a space thereinside, and has a plurality of
upper nozzle holes 20 disposed at predetermined intervals.
The upper gas mjection means 16 has a longitudinal direc-
tion 1n the conveying direction 7. The upper gas injection
means 16 1s held by an upper gas injection means fixing base
29, and the upper gas injection means fixing base 29 1is
installed fixedly on the wall surface of the front tank. While
the upper gas injection means 16 1s provided on the outlet
side of the front tank 3 as 1llustrated 1n FIG. 2, an 1installation
position and a length of the upper gas injection means 16 are
not limited as long as the above eflects can be obtained.

The upper nozzle hole 20 1s provided in the upper gas
injection means 16 such that the installation angle 31 1is
formed obliquely upward (along the line 32 passing through
the center of the nozzle hole) from the horizontal line 30
passing through the center point of the upper gas injection
means 16. Gas 1s 1njected from the upper nozzle holes 20 to
the workpiece 2 1n an obliquely upward direction from the
horizontal line, and an air current strikes on a portion
(holding portion) where the workpiece 2 i1s held by the
fixture 4. As a result, 1t 1s possible to remove droplets of
liquid adhering to the holding portion. The holding portion
1s diflicult to be heated, so that drying efliciency in the
drying tank 3 can be improved by removing the droplets of
liquid 1n advance.

The lower gas mjection means 17 has the same configu-
ration as that of the gas injection means 14 illustrated in
FIGS. 7A and 7B. Accordingly, inside the rear tank 11, gas
1s 1jected through a nozzle hole of the lower gas 1njection
means 17 to the workpiece 2 1n an obliquely downward
direction from the horizontal line, so that an air current
strikes on a lower portion of the workpiece 2. As a result,
droplets of liquid adhering to the lower end portion of the
workpiece 2 can be removed. The lower gas 1njection means
17 may have lifting means similar to that of the gas injection
means 14. While the lower gas injection means 17 1s
provided on the inlet side of the rear tank 11 as 1llustrated 1n
FIG. 2, an installation position and a length of the lower gas
injection means 17 are not limited as long as the above
ellects can be obtained.

When the lower gas mjection means 17 1s provided, it 1s
preferable to provide an exhaust port 13 as well as a gas
straightening plate as with FIG. 3.

Subsequently, the reserve heating tank 12 provided on the
inlet side of the front tank 10 will be described.

FIG. 6 15 a sectional view of the reserve heating tank 12
of FIG. 2 as viewed from the direction of an arrow F. The
reserve heating tank 12 includes heated liqud imjection
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means 8 thereinside to perform preheating treatment of the
workpiece 2. The heated liquid 1njection means 8 1s attached
to a support table 21 fixed to a ceiling surface 33 of the
reserve heating tank 12, and is installed on a side opposed
to the front surface of the workpiece 2 as well as on a side
opposed to the back surface of the workpiece 2. The heated
liquid 1injection means 8 includes a liquid 1njection nozzle
hole 23 for injecting heated liquid. The liquid imjection
nozzle hole 23 1s installed such that 1ts istallation angle 1s
tormed below the horizontal line. A drain port 28 1s provided
in the bottom portion of the reserve heating tank 12. Liquid
1s 1njected from the liquid injection nozzle hole 23 to the
workpiece 2 in an obliquely downward direction from the
horizontal line, and the liquid strikes on the portion (holding,
portion) where the workpiece 2 1s held by the fixture 4. As
a result, the heated liquid flows downward along the front
surface of the workpiece 2 to warm the workpiece 2.
Warming the workpiece 1n advance enables the workpiece to
be heated to a predetermined temperature in a short time
during the drying processing, so that the workpiece can be
ciiciently dried. The heated liquid 1s discharged from the
drain port 28.

The heated liquid injection means 8 may be provided only
on one of surfaces of the workpiece 2. In addition, a method
for installing the heated liquid injection means 8 i1s not
particularly limited, and the heated liquid 1injection means 8
may be attached to a support base fixed to an mner wall of
the reserve heating tank 12. Further, while an installation
angle of the liquid injection nozzle hole 23 1s also not
particularly limited, 1t 1s desirable to set the installation
angle so that the heated liquid can be injected on an upper
portion of the workpiece 2 as much as possible to prelimi-
narily heat the whole of the workpiece 2.

In the present invention, 1t 15 only necessary that the
injection means, such as the heating means 6, the gas
injection means 14, the upper gas injection means 16, the
lower gas 1injection means 17, and the heated liquid 1njection
means 8, be provided 1nside each treatment tank as described
above, and 1t does not matter whether the 1mnjection means 1s
brought into contact with an inner wall of each treatment
tank. The injection means may be held by a fixing j1g such
as a clamp, and the {ixing j1g may be attached to the inner
wall, or the fixing j1g may be attached to a support strut
installed on a ceiling surface or a bottom surface of each
treatment tank. When gas or liquid from the gas injection
means 14, the upper gas mjection means 16, the lower gas
injection means 17, and the heated liquid 1njection means 8,
facing each other across the workpiece 2, strikes on the
workpiece 2 under uniform pressure, sway motion of the
workpiece 2 can be reduced. For this reason, each injection
means may be approprately adjusted for an installation
angle of the nozzle hole, a height, 1mjection pressure, and a
horizontal distance to the workpiece 2, and 1t 1s preferable to
set the istallation angle, the installation height, the injection
pressure, and the horizontal distance, on each side, to be
equal to each other to allow the workpiece 2 to be pressed
under equal pressure from both sides, thereby enabling
turther reduction 1n sway motion of the workpiece 2.

Next, contents of each processing step performed in the
drying apparatus 1 will be described with reference to the
drawings. After the workpiece 2 1s attached to the fixture 4,
the workpiece 2 1s conveyed from the reserve heating tank
12 to the front tank 10, the drying tank 3, and the rear tank
11 1n this order by the conveying mechanism. At the time, a
control unit may control conveying speed.

In the present invention, the control unit includes a CPU
that performs various arithmetic processing, a memory
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(RAM, ROM) that stores and reads out programs, and a
recording medium (such as a magnetic disk) for control
programs and data. The various processing programs stored
in the recording medium are read out mto the memory, and
the CPU controls operation and processing of each umit
according to the contents of the various processing pro-
grams. Devices each requiring supply of electricity are
connected to a power source (not illustrated), and necessary
clectric power 1s supplied to the devices.

Further, the conveying mechanism of the fixture 4 1s
controlled by a control unit (not 1llustrated) that 1s electri-
cally connected to a motor, and the fixture 4 1s moved upon
receipt of an operation command from the control unit.

In the reserve heating tank 12, preheating treatment 1s
performed by causing hot water from the heated Liquid
injection means 8 to strike on the workpiece 2. A liquid feed
pump (not illustrated), a liquid heating means (not illus-
trated) such as a heater, and a liquid tank (not i1llustrated) are
connected to the heated liquid 1njection means 8 through a
liquad supply pipe (not illustrated). The liquid supply pump
1s electrically connected to a control umt (not illustrated),
and a predetermined amount of liquid 1s supplied from the
liquid supply pump 1n response to an operation command
from the control unit, and 1s 1njected through a nozzle hole
of the heated liquid 1njection means 8. While the liquid 1s not
particularly limited, water 1s used from a viewpoint of cost.
Water may be heated to a predetermined temperature (e.g.,
about 60° C.) by heated liquid 1njection means 8 provided at
a predetermined place. In the reserve heating tank 12, the
workpiece 2 held by the fixture 4 may be stopped for a
period of time necessary for heating the workpiece 2, or may
be preliminarily heated while being moved. After the pre-
heating treatment, the workpiece 2 held by the fixture 4 1s
moved into the front tank 10.

In the front tank 10, gas (e.g., 75 L/min, 0.4 MPa) injected
from the upper gas injection means 16 strikes on the holding
portion, held by the fixture 4, 1n each surface of the work-
piece 2. As a result, liquid removal processing of the holding
portion of the workpiece 2 held by the fixture 4 1s performed.
The upper gas injection means 16 1s connected to a gas
supply pipe (not 1llustrated), and 1s connected to a gas supply
pump (not 1llustrated) through the gas supply pipe. The gas
supply pump 1s electrically connected to a control unit (not
illustrated), so that a predetermined amount of gas 1s sup-
plied to the upper gas injection means 16 from the gas
supply pump 1n response to an operation command from the
control unit, and 1s 1njected through the upper nozzle holes
20. The gas 1s not particularly limited, and may be air, dry
air, or gas such as nitrogen, for example. From a viewpoint
of cost, air 1s used. Air may be supplied by being taken 1n by
the gas supply pump. The injection speed of the gas mjected
from the upper gas mjection means 16 may be adjusted by
appropriately adjusting pressure of a pump (not illustrated).
For example, when a flat air nozzle with a nozzle width (e.g.,
about 50 mm to 200 mm), and a nozzle diameter (e.g., about
0.1 mm to 5 mm) 1s used, the amount of supply of gas per
nozzle and pressure of the gas are about 50 L/min to 400
[/min, and about 0.2 MPa to 0.5 MPa, respectively. In the
front tank 10, the workpiece 2 held by the fixture 4 may be
stopped for a period of time necessary for removing liquid
on the holding portion of the workpiece 2, or the liquid may
be removed while the workpiece 2 1s moved. After the
treatment, the workpiece 2 held by the fixture 4 1s moved

into the drying tank 3.

In the drying tank 3, the front and back surfaces of the
workpiece 2 are dried by radiant heat from each heating
means 6 provided to face the corresponding one of the
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surfaces of the workpiece 2. In addition, air strikes from the
gas 1njection means 14 provided to face each surface of the
workpiece 2 toward the lower end portion of the workpiece
2, so that the posture 1s maintained and the droplets of liquid
are removed. The heating means 6 1s provided at 1ts both
ends with respective electrodes, and these electrodes are
clectrically connected to a power supply umt and a control
unit, which are not illustrated. The control unit 1ssues an
operation command to the power supply unit to energize the
heating means 6, so that the heating means 6 i1s heated to
enable far inirared rays to be generated. The workpiece 2
may be thermally damaged when being overheated, and thus
the heating means 6 1s turned on or oflf by temperature
control using a proportional-integral-diflerential controller
(PID) or the like to prevent the workpiece 2 from being
overheated. Specifically, when the temperature of the work-
piece 2 reaches 180° C. or more, the workpiece 2 may be
thermally damaged. When the temperature of the workpiece
2 15 60° C. or less, drying efliciency decreases. Thus, the
temperature of the workpiece 2 1s controlled so as to fall
within the above range.

The gas 1injection means 14 1s connected to a gas supply
pipe (not illustrated), and 1s connected to a gas supply pump
(not illustrated) through the gas supply pipe. The gas supply
pump 1s electrically connected to a control unit (not illus-
trated), so that a predetermined amount of gas 1s supplied to
the gas injection means 14 from the gas supply pump in
response to an operation command from the control unit, and
1s 1njected through the nozzle holes 15. Injection speed of
the gas can be adjusted by the pressure of a pump (not
illustrated), a diameter of a tubal member (e.g., about 10 mm
to 20 mm), the number of nozzle holes 15, a diameter of the
nozzle hole 15 (e.g., about 1 mm to 5 mm), and the like. The
amount of supply of gas imjected from the gas injection
means 14 and pressure of the gas may be to the extent that
swinging of the workpiece 2 can be reduced, so that the
amount of supply of gas and the pressure of the gas are about
100 L/min to 400 L/min per 1 m in length of the tubal
member used for the gas injection means 14, and about 0.01
MPa to 0.04 MPa, respectively, for example.

The motor provided in the lifting support part 26 1s
clectrically connected to a control unit (not illustrated). The
motor 1s operated 1n response to an operation command from
the control unit to drive the lifting roller (not illustrated), so
that the lifting support part 26 1s moved along the rail 27 to
enable the gas 1njection means 14 to be moved to a desired
position. Thus, even when the workpiece 2 1s changed in
s1ze, gas can strike on the lower end portion of the workpiece
2 by moving the gas injection means 14 using the lifting
mechanism.

Subsequently, the workpiece 2 held by the fixture 4 is
moved into the rear tank 11. In the rear tank 11, gas (e.g., 60
[/min, 0.4 MPa) injected from the lower gas injection means
17 strikes on the lower end portion 1n each of the surfaces
of the workpiece 2. As a result, droplets of liquud adhering
to the lower end portion of the workpiece 2 are removed.
Droplets of liquid on the workpiece 2 held by the fixture 4
are removed while the workpiece 2 1s stopped for a prede-
termined time in the rear tank 11 or i1s not stopped therein.
In addition, 1n the rear tank 11, gas (e.g., 75 L/min, 0.4 MPa)
injected from the nipper gas injection means 16 strikes on
the holding portion 1n each of the surfaces of the workpiece
2. As a result, the liquid remaining in the holding portion 1s
removed. The control of the upper gas injection means 16 1s
identical to that in the front tank 10, so that description
thereol 1s not duplicated. The control of the lower gas
injection means 1s 1dentical to the control of the gas injection
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means 14 1n the drying tank 3, so that description thereof 1s
not duplicated. After the treatment, the workpiece 2 held by
the fixture 4 1s conveyed from the rear tank 11 to the outside
of the drying apparatus.

REFERENCE SIGNS LIST

1 drying apparatus

2 workpiece

3 drying tank

4 fixture

5 guide rail

6 heating means

7 conveying direction

8 heated liquid i1njection means
10 front tank

11 rear tank

12 reserve heating tank

13 exhaust port

14 gas injection means

15 nozzle hole

16 upper gas injection means

17 lower gas 1njection means

18 gas straightening plate

19 cutout

20 upper nozzle hole

21 support table

22 holding part

23 liguid 1njection, nozzle hole

24 fixture connection part

235 conveying roller

26 lifting support part

27 lifting rail

28 drain port

29 upper gas injection means {ixing base
30 horizontal line

31 installation angle of nozzle hole

32 line passing through center of nozzle hole
33 ceiling surface of reserve heating tank

What 1s claimed 1s:

1. A drying apparatus comprising:

a drying tank for performing drying processing ol a
workpiece;

a fixture for holding the workpiece 1n a vertical posture;

a heating means opposed to a front surface of the work-

piece; and
a heating means opposed to a back surface of the work-
piece,

wherein each heating means 1s inclined downwardly 1n a

conveying direction of the workpiece.

2. The drying apparatus according to claim 1, wherein
said drying tank includes a gas injection means opposed to
the front surface of the workpiece and a gas injection means
opposed to the back surface of the workpiece, wherein a
nozzle hole of each gas injection means 1s inclined obliquely
downward.

3. The drying apparatus according to claim 1, wherein
said drying tank includes a conveying mechanism of the
fixture.

4. The drying apparatus according to claim 2, wherein
said drying tank includes an exhaust port provided 1n a
bottom surface thereof.

5. The drying apparatus according to claim 4, wherein
said drying tank includes a gas straighteming plate that 1s
provided above the exhaust port to allow gas injected
through the nozzle hole to strike on the gas straightening
plate.
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6. The drying apparatus according to claim 5, wherein a
surface of said gas straighteming plate which faces the
workpiece has a curved shape being convex upward.

7. The drying apparatus according to claim 2, wherein
said gas 1njection means includes a lifting mechanism.

8. The drying apparatus according to claim 1, wherein

said drying apparatus further includes:
a front tank provided on an inlet side of the drying tank;

and

a rear tank provided on an outlet side of the drying tank,

wherein the front tank and the rear tank each have a first

gas mjection means opposed to the front surface of the
workpiece and a second gas injection means opposed to
the back surface of the workpiece.

9. The drying apparatus according to claim 8, wherein
said first and second gas injection means 1n the rear tank are
provided at least at one of a position facing an upper portion
of the workpiece and a position facing a lower portion
thereof.

10. The drying apparatus according to claim 8, wherein
said drying apparatus further includes a reserve heating tank
provided on an 1inlet side of the front tank, wherein the
reserve heating tank has heated liquid injection means.
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11. The drying apparatus according to claim 1, wherein
the heating means 1s a conductive member capable of
heating by radiant heating.

12. The drying apparatus according to claim 11, wherein
the conductive member 1s an elongated rod-shape member.

13. The drying apparatus according to claim 1, wherein
said drying apparatus further includes:

a front tank provided on an inlet side of the drying tank;

and
a rear tank provided on an outlet side of the drying tank,
wherein the front tank has an elongated gas injector
opposed to an upper portion of the front surface of the
workpiece and an elongated gas 1njector opposed to an
upper portion of the back surface of the workpiece,

wherein the rear tank has elongated gas injectors opposed
to an upper portion of the front surface of the workpiece
and a lower portion of the front surface of the work-
piece, respectively, and

wherein the rear tank has elongated gas 1injectors opposed

to an upper portion of the back surface of the workpiece
and a lower portion of the back surface of the work-
piece, respectively.
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